Introduction
============

In certain renal surgeries, including partial nephrectomy and renal transplantation, the renal vasculature is temporarily clamped followed by vascular re-perfusion to preserve the kidney. The procedure might cause renal ischemia reperfusion injury (IRI), which is one of the major causes of postoperative acute renal dysfunction ([@b1-ijmm-45-04-1141]). Postoperative renal prognosis is a particularly important factor following such surgeries ([@b2-ijmm-45-04-1141],[@b3-ijmm-45-04-1141]). IRI can also occur following cardiovascular surgeries that require cardiac arrest during cardiopulmonary bypass, because of the associated non-physiological circulation ([@b4-ijmm-45-04-1141],[@b5-ijmm-45-04-1141]).

IRI reportedly consists of numerous stages, including transcriptional reprogramming during ischemia, followed by an autoimmune inflammatory reaction, vascular leakage and promotion of cell death, including apoptosis during reperfusion ([@b6-ijmm-45-04-1141]). Alleviation of IRI improves the prognosis of the preserved kidney ([@b7-ijmm-45-04-1141]). Previous animal studies reported that ischemic preconditioning (IPC) alleviates renal IRI ([@b8-ijmm-45-04-1141],[@b9-ijmm-45-04-1141]) and numerous clinical studies have elucidated the IPC effects on the kidney. Furthermore, these surgeries are performed under general anesthesia. Administration of certain anesthetics, which is considered anesthetic preconditioning (APC), also reportedly alleviates renal IRI in rats ([@b10-ijmm-45-04-1141]-[@b12-ijmm-45-04-1141]). Specifically, sevoflurane APC was reported to be effective in alleviating renal IRI both clinically and in a mouse model ([@b13-ijmm-45-04-1141],[@b14-ijmm-45-04-1141]).

A microRNA (miR) is a small sequence of \~22 bases that binds to messenger RNA with a complementary sequence and suppresses it by inhibiting translation or by promoting degradation. miR mainly recognize seven bases on the target messenger RNA sequence, namely the 2nd-8th base on the 3′ end ([@b15-ijmm-45-04-1141]). The preconditioning effects of anesthesia and ischemia on IRI are reportedly mediated via changes in miR ([@b16-ijmm-45-04-1141],[@b17-ijmm-45-04-1141]). However, the associations between miRs and preconditioning effects on the kidney have not been fully clarified.

The present study compared sevoflurane APC and IPC in a rat renal IRI model, verified the dynamics of miRs and researched target cell-survival pathways. A pathway analysis system was used to estimate the connection between the related genes affected by APC or IPC with canonical pathways from a database including a large number of molecular interactions and gene-to-phenotype studies. Rat IRI models have also been previously used to elucidate the known cell-death or cell-survival substances common to humans. The present study aimed to clarify the cell-survival pathways that are affected by sevoflurane APC and IPC, and to find commonalities and differences in these preconditioning effects using a rat IRI model.

Materials and methods
=====================

Ethics statement
----------------

The experimental protocols were approved by the Animal Research Committee at Nippon Medical School (Approval number: 29-008, Approval date: April 01, 2017). In addition, all the experimental protocols were performed in accordance with the ARRIVE guidelines.

Surgical preparation
--------------------

A total of 28 male Wistar rats (age 10-11 weeks, weighing 336±24 g, obtained from Tokyo Laboratory Animals Science Co., Ltd.) were kept in cages at 26°C under a 14:10 h light:dark cycle in a specific pathogen-free facility, with free access to food and water. Before the surgical procedure, anesthesia was induced with 2 mg/kg midazolam, 2.5 mg/kg butorphanol and 0.15 mg/kg medetomidine hydrochloride injected intraperitoneally, followed by injection of 0.6 mg/kg/h midazolam, 0.8 mg/kg/h butorphanol and 0.05 mg/kg/h medetomidine hydrochloride to maintain sedation and analgesia. Additional 0.6 mg/kg midazolam, 0.8 mg/kg butorphanol and 0.05 mg/kg medetomidine hydrochloride were administered if the rats moved their limbs in response to pain. They were ventilated through a tracheal tube to maintain the partial pressure of carbon dioxide at 35-45 mmHg. Rectal temperature was maintained at 36.5-37.5°C. Mean arterial pressure was monitored via the right femoral artery. To maintain fluid volume, a normal saline solution (3 ml/h) was continuously infused via the caudal vein. Under general anesthesia, the right kidney was resected via a median abdominal incision ([@b18-ijmm-45-04-1141]). The time from initiation of general anesthesia to resection of the right kidney was 40 min. Next, the effects of IRI of the left kidney and the ameliorative effects of APC and IPC on IRI were evaluated. For this, the 28 rats were randomly allocated to four groups: i) Sham group (no left renal arteriovenous clamping); ii) IRI group (45 min of left renal arteriovenous clamping and 4 h of reperfusion); iii) APC group (exposure to one minimum alveolar concentration sevoflurane 2.2% for 15 min, 10 min before the IRI procedure) and iv) IPC group (three cycles of renal arteriovenous clamping for 2 min and reperfusion for 5 min immediately before the IRI procedure) ([Fig. 1](#f1-ijmm-45-04-1141){ref-type="fig"}). To minimize technical noise, four randomly chosen rats, one from each group, underwent the surgical procedure at the same time. Accurate performance of the IRI procedure was confirmed by observation of loss and return of redness of the kidney. Reperfusion was considered successful when redness in the entire kidney returned immediately after arteriovenous release. At the end of the procedure, the left kidney tissue was sampled for analysis of extracted miR expression at the same time as blood was collected for measurement of serum create-nine as an indicator of renal IRI. The rats were subsequently sacrificed by exsanguination under general anesthesia.

Serum creatinine assay
----------------------

Blood samples (3 ml) were injected into a separating agent, centrifuged at 4°C and 3,000 × g for 15 min, and the resultant supernatant was collected as serum ([@b19-ijmm-45-04-1141]). Serum creatinine levels were measured in a clinical laboratory using a clinical chemistry analyzer (JCA-BM6070; JEOL Ltd.) and the results were reported in mg/dl.

miR screening test
------------------

The left kidney tissue sample was permeated with RNA later solution™ (Applied Biosystems; Thermo Fisher Scientific, Inc.) and stored at −80°C. The tissue samples were sufficiently lysed in liquid nitrogen and total RNA was extracted using the mirVana miRNA Isolation Kit™ (Applied Biosystems; Thermo Fisher Scientific, Inc.) and assessed with the NanoDrop ND-1000™ spectrophotometer (Thermo Fisher Scientific, Inc.) ([@b17-ijmm-45-04-1141]).

Quantitative measurement of miR expression
------------------------------------------

The rat renal cyclic DNA was reverse transcribed using a TaqMan™ MicroRNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) and Megaplex™ RT primers A and B (Applied Biosystems; Thermo Fisher Scientific, Inc.), according to the following temperature protocol: 40 cycles of 16°C for 2 min, 42°C for 1 min and 50°C for 1 sec, followed by 85°C for 5 min, and storage at 4°C. Subsequently, 373 specific kinds of well-known miRs derived from rats were amplified and measured with the TaqMan Low Density Array™ (Applied Biosystems; Thermo Fisher Scientific, Inc.) in the 7900 HT Fast Real-Time polymerase chain reaction System™ (Applied Biosystems; Thermo Fisher Scientific, Inc.) using a comparative quantification method.

The results of reverse transcription-quantitative (RT-q)PCR were analyzed with Data Assist software version 2.0 (Applied Biosystems; Thermo Fisher Scientific, Inc.) as follows: i) the control gene was set as Y1, which has the highest stable value calculated among the candidates U6, U87 and Y1; ii) the ΔCq value of each miR was obtained by comparing the number of amplifications until it exceeded the automatic threshold value with that of Y1; iii) the ΔΔCq value of each miR in each group was obtained by subtracting the mean ΔCq value in the sham group from that in each group and the miR expression value, as the Fold-Change (F.C.=2^−ΔΔCq^) value, was obtained; and iv) the adjusted F.C. value of each miR in each group was calculated by dividing its F.C. value by the mean F.C. value of the sham group ([@b20-ijmm-45-04-1141]).

Search for the target pathway using Ingenuity Pathway Analysis™
---------------------------------------------------------------

The list of differentially expressed miRs was analyzed using Ingenuity Pathway Analysis™ (IPA; Qiagen, Inc.) to estimate related genes and canonical pathways using the \'core analysis\' function, and mapped in the predicted network based on a database including molecular interactions and gene-to-phenotype studies from over 200,000 peer-reviewed scientific articles. This analysis was performed to narrow down the canonical pathways affected by the miRs assessed in this experiment.

Measurement of activation of the target pathway using western blot analysis
---------------------------------------------------------------------------

Western blot analysis was performed to verify activation of the target substances in cell-survival pathways that were predicted by IPA™ to be related to the experimentally changed miRs. Total renal proteins were extracted using T-PER Tissue Protein Extraction Reagent™ (Pierce; Thermo Fisher Scientific, Inc.) with Halt Protease Inhibitor Cocktail EDTA-Free™ (Pierce; Thermo Fisher Scientific, Inc.), and quantified with Quick Start™ Bradford Reagent (Biorad Laboratories, Inc.). A total of 40 *µ*g protein per lane were applied into Mini-PROTEAN TGX Stain-Free Gels™ (4-15%; Bio-rad Laboratories, Inc.; cat. no. 456-8084) soaked in Tris/Glycine/SDS Buffer (Bio-Rad Laboratories, Inc.) and transferred onto a polyvinylidene fluoride membrane. Followed by incubation overnight at 4°C in TBS containing 0.1% Tween-20 (Bio-Rad Laboratories, Inc.) with 5% bovine serum albumin (Sigma-Aldrich; Merck KGaA) and several antibodies, including anti-phosphatase and tensin homologue deleted from chromosome 10 (PTEN) (A2B1; Mouse monoclonal antibody; 1:200; Santa Cruz Biotechnology, Inc.; cat. no. SC-7974), anti-protein kinase B (Akt) (pan) (C67E7; Rabbit monoclonal antibody; 1:1,000; Cell Signaling Technology, Inc.; cat. no. 4691S), anti-phosphorylated Akt (pAkt) (Ser473) (XP Rabbit monoclonal antibody; 1:1,000; Cell Signaling Technology, Inc.; cat. no. 4060S) and anti-β-actin (C4) (Mouse monoclonal antibody; 1:200; Santa Cruz Biotechnology, Inc.; cat. no. SC-47778), respectively after suppressing non-singular bands using 5% Amersham ECL Blocking Agent™ (GE Healthcare UK Ltd.). The protein bands of the four different groups were arranged in a row on the same membrane (n=7 for each antibody used). Protein bands were visualized with chemiluminescence using a goat poly-clonal second antibody to rabbit IgG HRP (1:20,000; Abcam; cat. no. 643005) or goat polyclonal second antibody to mouse IgG1 HRP (1:20,000; Cosmo Bio Co., Ltd.; cat. no. A90-105P), followed by Amersham ECL Prime Western blotting detection reagent™ (GE Healthcare UK Ltd.) in an ImageQuant LAS 4000 mini biomolecular imager (GE Healthcare). The intensity of protein fragments was quantified with ImageQuant TL ver. 8.1 (GE Healthcare). Since the quantified signal values involved background differences between the seven membranes used, the F.C. value of each target protein was calculated as the ratio to β-actin. The adjusted F.C. value was obtained by correction using a ratio of β-actin signal value in the sham group on the same membrane to the average of that on all the membranes used.

Statistical analysis
--------------------

All the 28 kidneys sampled were analyzed. Vital signs, serum creatinine values and adjusted F.C. values of the miRs and the target proteins are expressed as mean ± standard deviation. Sample size was calculated for the serum creatinine value and adjusted F.C. values of the target proteins and miRs. A sample size of seven per group has an effect size of 0.8 with the power one-way analysis of variance (ANOVA) test using a significance value of 0.05 and a power of 0.9. All the ΔΔCq values of miRs and vital signs and serum creatinine values were normally distributed and inter-group comparisons were made using Tukey\'s test. To sufficiently narrow down the miRs to be analyzed, a one way ANOVA was performed on the apparently differentially expressed miRs following APC or IPC, of which the adjusted F.C. value in APC or IPC satisfied the following conditions: i) adjusted F.C. ≥1.2 and not less than four times that in the IRI group; and ii) adjusted F.C. ≤0.8, and not more than quarter that in the IRI group. Multiple tests were corrected with the Storey\'s method for turning the list of P-values into q-values, which measures the false discovery rate. Then, the final intergroup difference determination was performed by multiple comparisons with Tukey\'s tests, which were performed on the miRs having significant inter-group differences (P\<0.05, q\<0.5).

Since the expression values of target proteins were not normally distributed by the Shapiro-Wilk test (P=0.0002), the Kruskal Wallis test followed by Bonferroni\'s multiple comparison test was performed for each group. R version 3.4.2 was used in all statistical tests, which is a language and environment for statistical computing (<http://cran.r-project.org/>).

Results
=======

Hemodynamics during surgery
---------------------------

All the 28 rats allocated to the four groups (APC, IPC, IRI and Sham group) survived during the surgical procedures. There were no significant differences in heart rate and mean atrial pressure at the four time points of the beginning of the experimental protocol (baseline), immediately before reperfusion (ischemia for 45 min), 3 min after ischemia release (reperfusion for 3 min), and just before removal of the left kidney 4 h after reperfusion (finish) between the four groups ([Table I](#tI-ijmm-45-04-1141){ref-type="table"}).

Serum creatinine levels
-----------------------

Serum creatinine values, as an indicator of IRI, were significantly higher in the IRI group (0.96±0.13 mg/dl) than the sham group (0.54±0.06 mg/dl; P\<0.001). Serum creatinine values in APC (0.71±0.08 mg/dl) and IPC (0.73±0.10 mg/dl) groups were higher than those in the sham group (APC, P=0.029; IPC, P=0.011), although they were significantly lower than those in the IRI group (APC, P\<0.001; IPC, P=0.002). There were no significant differences between the APC and IPC groups ([Fig. 2](#f2-ijmm-45-04-1141){ref-type="fig"}).

miR screening tests and analyses
--------------------------------

Out of the 373 types of well-known miRs derived from rats, one-way ANOVA was performed for 125 kinds of miRs that fulfilled either condition 1 or 2, as previously described. Tukey\'s test was performed on 10 miRs identified by one-way ANOVA corrected with Storey\'s method as having significant differences in adjusted F.C. values among the four groups (P\<0.05, q\<0.5).

As a result, significant differences in seven miRs were noted between the APC and IRI group or between the IPC and IRI group (P\<0.05; [Table II](#tII-ijmm-45-04-1141){ref-type="table"}). The dataset of the results of RT-qPCR are available in a data repository (doi: 10.17632/dmngjht9sg.1).

Search for the predicted networks between specific miRs and the cell-survival pathway
-------------------------------------------------------------------------------------

IPA analysis of the seven miRs, which were differentially expressed following APC or IPC procedures as previously described, showed that miR-17-3p, miR-19a/b, miR-34a and miR-27a might be involved in the cell-survival pathway associated with the specific substance \'Akt\' or \'TP53\' ([Fig. 3](#f3-ijmm-45-04-1141){ref-type="fig"}). RT-qPCR in the current study showed that sevoflurane APC promoted miR-17-3p, but suppressed miR-27a, and that IPC promoted miR-19a and miR-34a ([Table II](#tII-ijmm-45-04-1141){ref-type="table"}). Although IPC also promoted miR-125a, miR-872 and miR-450a in the current study, IPA analysis did not identify any association between the cell-survival pathway and these miRs.

The predicted functional network presented by IPA™ and a further literature search suggested that the sevoflurane APC and IPC models might block PTEN and increase pAkt ([Fig. 4](#f4-ijmm-45-04-1141){ref-type="fig"}). Western blot analysis indicated decreased PTEN and increased pAkt in the APC and IPC groups.

IPA analysis suggested that sevoflurane APC and IPC affect Akt phosphorylation. Western blot analysis also showed that the adjusted F.C. value of pAkt was increased in both the APC and IPC groups compared with the IRI group (P=0.013, P=0.013). Furthermore, the adjusted F.C. value of PTEN was decreased in both APC and IPC groups compared with the IRI group (P=0.013, P=0.013) ([Fig. 5](#f5-ijmm-45-04-1141){ref-type="fig"}; the full-length blots in the main paper are displayed in [Fig. S1](#SD1-ijmm-45-04-1141){ref-type="supplementary-material"}).

Discussion
==========

The present study confirmed that sevoflurane APC and IPC have reno-protective effects and affect specific miRs that were predicted by IPA in the current study to regulate reno-protection. However, there are few comparative reports of sevoflurane APC and IPC in terms of the magnitude of reno-protective effects and the dynamics of miRs regulating the reno-protection. This study revealed that sevoflurane APC and IPC equally ameliorated renal IRI, as indicated by serum creatinine values, equally suppressed PTEN, and equally increased pAkt, although the effect was brought about via different miRs.

The current study predicted that PTEN and pAkt are important signaling agents involved in cell-survival, that are regulated by the miRs differentially expressed after both sevoflurane APC and IPC, using IPA and a further detailed literature search. As revealed by the literature search, miR-17-3p that increases with APC and miR-19a that increases with IPC, respectively, block PTEN directly and increase pAkt via the PTEN/phosphoinositide 3-kinase (PI3K)/Akt pathway, whereas miR-27a, which decreases with APC, blocks PI3K directly and decreases pAkt ([@b21-ijmm-45-04-1141]-[@b23-ijmm-45-04-1141]), along with suppression of PTEN, although via different microRNAs, followed by equal increases in pAkt.

Preconditioning effects have been reported in clinical and animal research. In studies on sevoflurane APC during cardiac surgery, acute renal IRI caused by cardiac arrest could be ameliorated by administering sevoflurane immediately before cardiac arrest ([@b14-ijmm-45-04-1141]). The sevoflurane APC effect on mice kidneys was also reported *in vivo* ([@b13-ijmm-45-04-1141]). As far as is known, although the efficacy of renal IPC has not yet been shown to be clinically significant, unlike remote IPC for the kidney, renal IPC in mice reportedly suppresses the cell-death caused by subsequent IRI ([@b8-ijmm-45-04-1141],[@b9-ijmm-45-04-1141]).

Multiple cell-survival pathways triggered by IRI have been previously reported, based on the background of IRI and the effects of preconditioning ([@b24-ijmm-45-04-1141]-[@b26-ijmm-45-04-1141]). The PTEN/PI3K/Akt pathway is an important intracellular signaling pathway in the regulation of the cell cycle. PTEN directly blocks downstream activity of the cell-survival PI3K/Akt pathway ([@b27-ijmm-45-04-1141]). Akt is known to have three isoforms, with each isoform playing several specific roles in the signaling pathways, such as cell survival, cell proliferation, neovascularization and glucose metabolism ([@b28-ijmm-45-04-1141]). Akt promotes cell-survival by promoting several anti-apoptotic pathways ([@b21-ijmm-45-04-1141],[@b29-ijmm-45-04-1141]). Activated PI3K alters the conformation of Akt, to allow phosphoinositide-dependent kinase-1 to phosphorylate Akt, reportedly ([@b30-ijmm-45-04-1141]). Activation of the Akt pathway reportedly reduces hypoxia-induced cell apoptosis, such that overexpression of PTEN causes cell-death, while suppression of PTEN has a cell-survival effect ([@b27-ijmm-45-04-1141],[@b29-ijmm-45-04-1141])

IPC reportedly increases pAkt via the PTEN/PI3K/Akt pathway, resulting in suppression of rat myocardial cell apoptosis ([@b24-ijmm-45-04-1141],[@b31-ijmm-45-04-1141]). In addition, IPC of mice kidneys suppressed the cell-death caused by subsequent IRI, increasing the anti-apoptotic activity of pAkt ([@b9-ijmm-45-04-1141]). Sevoflurane APC reportedly ameliorates rat myocardial IRI by regulating the PTEN/PI3K/Akt pathway, similar to the rat IPC model ([@b32-ijmm-45-04-1141]). In the current study, it was also found that sevoflurane APC and IPC ameliorate renal IRI in rats, probably via the PTEN/PI3K/Akt pathway.

Genetic changes, including specific miR changes, were reported to suppress IRI by affecting specific cell-survival pathways ([@b33-ijmm-45-04-1141]-[@b35-ijmm-45-04-1141]). The PTEN/PI3K/Akt pathway is also regulated by multiple miRs ([@b23-ijmm-45-04-1141],[@b36-ijmm-45-04-1141],[@b37-ijmm-45-04-1141]). The present study found that sevoflurane APC promoted miR-17-3p expression, whereas IPC promoted miR-19a expression. There was an important commonality between sevoflurane APC and IPC effects. The miR-17/92 cluster consists of seven miRs (miR-17-3p, miR-17-5p, miR-18, miR-19a, miR-20a, miR-19b-1 and miR-92a-1) located close to the chromosome 13 (13q31.3) region and produced from a common host RNA ([@b34-ijmm-45-04-1141]). Reportedly, both miR-17 and miR-19a directly block PTEN, because multiple binding sites for such miRs as miR-19a/b, miR-17 and miR-20a are conserved in the 3′-untranslated region of PTEN messenger RNA ([@b36-ijmm-45-04-1141],[@b37-ijmm-45-04-1141]). Other studies also reported that miR-17-3p directly blocks PTEN and increases pAkt via the PTEN/PI3K/Akt pathway, similar to miR-19a that blocks PTEN directly and increases pAkt ([@b21-ijmm-45-04-1141],[@b22-ijmm-45-04-1141],[@b38-ijmm-45-04-1141]). Thus, sevoflurane APC and IPC might equally suppress PTEN because of the similarity in their affected miRs.

The effect of PTEN inhibition produced by both types of preconditioning might affect a wide range of pathways involving various protein kinases that regulate cell-survival and not only the PI3K/Akt pathway. PTEN reportedly regulates apoptosis via phosphorylated mitogen-activated protein kinase-1/2/extracellular signal-regulated kinase-1/2 signaling and caspase-3/B-cell lymphoma-2 signaling ([@b39-ijmm-45-04-1141]).

Although sevoflurane APC and IPC might affect the common PTEN/PI3K/Akt signaling pathway, there are differences in the directly affected miRs. The current study found that sevoflurane APC suppresses miR-27a expression. In nucleus pulposus cells, miR-27a directly blocks PI3K, but not PTEN ([@b23-ijmm-45-04-1141]). The authors anticipated that sevoflurane APC might affect multiple signaling stages in the PTEN/PI3K/Akt pathway, resulting in the increase in pAkt in renal cells. Directly promoting PI3K might also activate other anti-apoptotic pathways dependent on PI3K. Reportedly, a model of reperfusion 3 days after permanent middle cerebral artery occlusion resulted in activation of the fibroblast growth factor 21/fibroblast growth factor receptor 1/PI3K/caspase-3 pathway and reduced neuronal apoptosis ([@b40-ijmm-45-04-1141]). Sevoflurane APC might thus reduce caspase-3 by its close involvement in the apoptotic process via the PI3K/Caspase-3 pathway.

The present study found that IPC promotes miR-34a expression. It was previously reported that miR-34a expression is promoted in renal cells with overexpression of the protein cMYC, which directly binds and activates the miR-17/92 cluster ([@b41-ijmm-45-04-1141]). Therefore, the authors of the current study anticipated that IPC might increase cMYC, activating the miR-17/92 cluster and resulting in miR-34a overexpression. IPC might thus increase pAkt not only by suppressing PTEN, but also by activating the cMYC/miR-17/92 cluster/PTEN/PI3K/Akt pathway. In the future, further research is necessary to elucidate detailed differences between sevoflurane APC and IPC effects.

The present study showed that the sevoflurane APC effect reported so far is also found in the rat kidney. Furthermore, the current study found that sevoflurane APC has equivalent reno-protective effects compared with IPC, as indicated by both serum creatinine levels and those of the organ protective pAkt, and partially compared with its genetic mechanism in renal cells for the first time.

The present study has some limitations. The first limitation is that the reperfusion time after renal ischemia was set as 4 h. It is necessary to evaluate the optimal time at which miR changes become most noticeable for accurate evaluation of the preconditioning effects. The second limitation is that serum creatinine values were not measured before surgery. Since the volume of blood required for measurement is more than 1 ml, preoperative blood sampling might cause organ ischemia. However, since the weights of all the rats randomly allocated to the four groups were similar and the environmental factors were also the same, baseline serum creatinine values are assumed to have been minimally different. The third limitation is that, although the main outcome in the present study was to prove a decrease in acute renal dysfunction with APC and IPC, it is necessary to prove the anti-apoptotic effect of APC and IPC histologically using renal tissue sampling in the future. Finally, although the current protocol suggested that the reno-protective effects of APC and IPC were related to regulation of specific miRs, as seen with RT-qPCR, experiments to identify the pathways involved using miR inhibitors, PTEN inhibitor and PI3K inhibitor are necessary in the future.

The present study concluded that sevoflurane APC and IPC had equivalent reno-protective effects in rats, although by different miR dynamics. However, it was estimated that both the preconditioning procedures resulted in an increase in pAkt and a decrease in PTEN. The current study estimated that these preconditioning effects might occur via the common cell-survival PTEN/PI3K/Akt pathway using IPA™ analysis and further literature search. The current study results might be useful for examining methods for alleviating renal IRI using general anesthesia and surgical procedures. Further study will be necessary to elucidate the differences in reno-protective effects induced by changing the type or amount of general anesthetic drugs used.
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![Experimental protocols in the four groups. The rats were divided into four groups. All the rats underwent right nephrectomy within 40 min after the start of the protocol. APC, anesthetic preconditioning; IPC, ischemic preconditioning; IRI, ischemia reperfusion injury.](IJMM-45-04-1141-g00){#f1-ijmm-45-04-1141}

![Serum creatinine levels. Serum creatinine levels were expressed as the mean ± standard deviation (mg/dl). ^■^P\<0.05 vs. the Sham group. \*P\<0.05 and ^\*\*^P\<0.01 vs. the IRI group. APC, anesthetic preconditioning; IPC, ischemic preconditioning; IRI, ischemia reperfusion injury.](IJMM-45-04-1141-g01){#f2-ijmm-45-04-1141}

![Predicted functional network between the differentially expressed microRNAs following APC or IPC and the related cell-survival pathway using IPA. This figure represents a simplified network estimated by IPA drawn using an IPA drawing tool. Some of the microRNAs affected by APC or IPC, including miR-17-3p, miR-19a, miR-27a and miR-34a, were estimated to be associated with the substances \'TP53\' and \'Akt\'. Solid lines represent direct interactions and dashed lines represent indirect interactions. APC, anesthetic preconditioning; IPC, ischemic preconditioning; miR, microRNA; Akt, protein kinase B; IPA, ingenuity pathway analysis.](IJMM-45-04-1141-g02){#f3-ijmm-45-04-1141}

![PTEN/PI3K/Akt pathway. pAkt plays an important role in cell survival. PTEN downregulates the PI3K/Akt signaling pathway, decreasing pAkt. PTEN is downregulated by both miR-17 and miR-19a, which are promoted by APC and IPC, respectively. PI3K is downregulated by miR-27a. APC, anesthetic preconditioning; IPC, ischemic preconditioning; pAkt, phosphorylated protein kinase B; PTEN, phosphatase and tensin homologue deleted from chromosome 10; PI3K, phosphoinositide 3-kinase.](IJMM-45-04-1141-g03){#f4-ijmm-45-04-1141}

![Expression levels of PTEN, pAkt and Akt. The protein bands of rats in the four groups were arranged in a row on the same membrane (n=7 for each antibody used). Since the quantified signal values have different backgrounds between all the membranes used, the F.C. value of pAkt, Akt or PTEN in each group was calculated as the ratio to β-actin and the adjusted F.C. value was obtained by correction using the ratio of the β-actin signal value in the sham group on the same membrane to the average of that on all the membranes used and was expressed as the mean ± standard deviation. The y-axis of the graph represents the adjusted F.C. value. Inter-group comparisons were made using Bonferroni\'s multiple comparison test. ^■^P\<0.05 vs. the IRI group. APC, anesthetic preconditioning; IPC, ischemic preconditioning; IRI, ischemia reperfusion injury; pAkt, phosphorylated protein kinase B; F.C., fold-change; PTEN, phosphatase and tensin homologue deleted from chromosome 10.](IJMM-45-04-1141-g04){#f5-ijmm-45-04-1141}

###### 

Vital signs of the rats in each group during the experimental protocol.

  A, Heart rate of the rats in each group during the experimental protocol                                                                                                 
  ------------------------------------------------------------------------------------ ------------------- ------------------------------ -------------------------------- ------------------------------
  Anesthetic preconditioning                                                           215±14              225±19                         227±25                           218±24
  Ischemic preconditioning                                                             252±65              274±41                         284±45                           259±31
  Ischemia                                                                             209±16              222±20                         207±9                            238±31
  Sham                                                                                 219±9               211±10                         214±9                            205±9
                                                                                                                                                                           
  B, Mean atrial pressure of the rats in each group during the experimental protocol                                                                                       
  Group                                                                                Baseline, min^−1^   Ischemia for 45 min, min^−1^   Reperfusion for 3 min, min^−1^   Reperfusion for 4 h, min^−1^
  Anesthetic preconditioning                                                           86±18               87±24                          81±14                            96±26
  Ischemic preconditioning                                                             100±18              104±17                         105±12                           93±15
  Ischemia                                                                             103±20              91±16                          100±26                           81±17
  Sham                                                                                 94±14               88±11                          87±10                            75±9

###### 

Significant changes in miRs following preconditioning procedures.

  A, Significantly different miRs between anesthetic preconditioning and ischemia groups                                                 
  ---------------------------------------------------------------------------------------- ---------------------- ------------ --------- -----------------
  miR-17-3p                                                                                2.14±1.12              0.20±0.076   10.9      0.016 (\<0.05)
  miR-27a                                                                                  0.74±0.22              4.56±3.15    0.16      0.005 (\<0.01)
                                                                                                                                         
  B, Significantly different miRs between ischemic preconditioning and ischemia groups                                                   
  miR                                                                                      Adjusted fold-change   IPC/IRI      P-value   
  IPC                                                                                      IRI                                           
                                                                                                                                         
  miR-125a                                                                                 3.70±2.59              0.72±0.65    5.11      0.034 (\<0.05)
  miR-19a                                                                                  1.97±0.77              0.48±0.36    4.14      0.003 (\<0.005)
  miR-34a                                                                                  1.95±1.47              0.11±0.025   17.4      0.040 (\<0.05)
  miR-872                                                                                  2.35±0.42              0.33±0.21    7.17      \<0.001
  miR-450a                                                                                 9.02±8.77              0.32±0.19    28.2      0.035 (\<0.05)

APC, anesthetic preconditioning; IPC, ischemic preconditioning; IRI, ischemia reperfusion injury; miR, microRNA.
